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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Korean Patent
Application No. 10-2021-0001448, filed on Jan. 6, 2021,
which 1s 1incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to a semiconductor device
and more particularly, an open area including one or more
notch patterns formed inside a scribe line of a water to aid
a waler sawing.

BACKGROUND

Recently, as the degree of integration of a semiconductor
device increases, a width of a scribe line disposed between
dies decreases. Thus, it 1s difficult to apply blade sawing,
which 1s a physical dividing method.

SUMMARY

Various embodiments of the present invention are to
provide a semiconductor device capable of improving the
divisibility of a waler by concentrating crack stress by
disposing one or more notch patterns on a scribe line of a
waler.

In addition, embodiments of the present invention are to
provide a semiconductor device capable of improving divis-
ibility ol a water by locally removing a metal thin {ilm 1n a
scribe line and propagating a dividing energy in a vertical
direction of a die surface.

In accordance with an embodiment of the present inven-
tion, a semiconductor device includes die regions spaced
apart from each other in a water, scribe line regions disposed
between neighboring ones of the die regions and covered
with a metal material layer, and one or more open areas
disposed 1n each of the scribe line regions and formed by
locally removing the metal material layer, wherein each of
the open areas includes one or more notch patterns indicat-
ing a direction 1 which the scribe line region 1s extended.

In accordance with another embodiment of the present
invention, a semiconductor device includes die regions
spaced apart from each other in a wafer and where semi-
conductor devices each including a capacitor 1s formed,
scribe line regions disposed between neighboring ones of the
die regions and covered with a metal material layer that
covers an upper electrode of the capacitor, one or more open
arcas where the metal matenial layer 1s locally removed from
the scribe line regions, each of the open areas including one
or more notch patterns each indicating one of directions 1n
which the scribe line regions are extended.

Embodiments of the present invention have an effect of
improving divisibility of a water by including one or more
open areas at which the metal matenal layer 1s removed from
the scribe line regions.

According to embodiments of the present invention, one
or more notch patterns each indicating a direction 1n which
the scribe line region extends are disposed in each of the
open areas to concentrate crack stress, thereby increasing
divisibility of a wafer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a plane view 1illustrating a semiconductor device
according to an embodiment of the present invention.
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FIGS. 2A to 2F are plane views illustrating a semicon-
ductor device according to other embodiments of the present
invention.

FIGS. 3A and 3B are cross-sectional views 1illustrating a
semiconductor device according to other embodiments of
the present invention.

DETAILED DESCRIPTION

Various embodiments described herein will be described
with reference to cross-sectional views, plane views and
block diagrams, which are i1deal schematic views of the
present invention. Therefore, the structures of the drawings
may be modified by fabricating techniques and/or toler-
ances. The embodiments of the present invention may not be
limited to the specific structures shown in the drawings, but
may include any changes in the structures that may be
produced according to the fabricating process. Accordingly,
the regions and the shapes of the regions illustrated 1n the
drawings are intended to illustrate specific structures of
regions of the elements, and are not intended to limit the
scope of the invention.

A stealth dicing method 1s proposed to replace a blade
sawing method due to an increase 1 an integration of a
semiconductor device. The stealth dicing method utilizes
internal cracks of a monocrystalline silicon by 1rradiating a
laser beam 1nside a watler and by utilizing localized melting.
The stealth dicing method may be performed to separate a
die by cutting an 1nside of a waler with laser energy, and then
by applying an external pressure to a tape attached to a
backside of a waler to cut the skin of the wafter. When
pressure 1s applied to the tape attached to the backside of the
waler, the tape 1s extended, the waler 1s instantly bent
upward by an extension ol the tape, and the dies are
singulated individually. The stealth dicing method has sev-
eral advantages 1in that many chips can be put on a wafer
because there 1s no debris generated when dicing the surface
directly with a laser and the kerf, which 1s a width of a cut
line, 1s narrow.

However, metal matenals formed on an upper portion of
a scribe line of a waler are an obstacle to a dicing process.
The metal materials are included i a photo key including a
metal thin film pattern. The metal materials are also included
in a test pattern for process monitoring.

Accordingly, embodiments of the present invention
described below are to provide a semiconductor device
without obstacles of a dicing process and with improved
divisibility of a waler. The embodiments of the present
invention 1illustrate a DRAM device as an example of a
semiconductor device. However, the present invention 1s not
limited thereto, and may be applicable to any semiconductor
devices including a plurality of die regions and a plurality of
scribe line regions.

FIG. 1 1s a plane view illustrating a semiconductor device
according to an embodiment of the present imvention.

As 1llustrated 1n FIG. 1, a water 100 may include scribe
line regions 110 and die regions 120 defined by the scribe
line regions 110.

The die regions 120 are regions 1 which semiconductor
devices for signal processing are formed. A semiconductor
device may include a cell region 1n which memory cells are
disposed, and a non-cell region surrounding the cell region.
A peripheral region (may also be referred to as non-cell
region) may surround the cell region and may include a
core/peripheral (also referred to as a core/per1) region for
receiving and transmitting (also referred to as in/out) of
clectrical signals to the memory cells. A gate, a bit line, and
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a capacitor may be formed in the cell region, for example,
in a perpendicular direction to a surface of the water 100,
such as, for example, when a semiconductor device 1s
composed of a DRAM. The peripheral region may further
include besides the core/peri region a chip-guard region for
preventing cracks during a dicing process.

The scribe line regions 110 may function as a sawing line
when a plurality of cell regions 1s cut and separated into unit
chups. The scribe line regions 110 may include auxiliary
structures such as a photo key, an electrical evaluation
pattern, and a measuring site. An electrical evaluation pat-
tern may include a test pattern for measuring individual or
integrated electrical signals of each layer when a plurality of
structures 1s formed 1n the cell region. A measuring site may
be an optical site for physical measurement, such as a
thickness of each layer, when a plurality of structures 1s
formed 1n the cell region. A photo key may be a pattern for
aligning a lower structure when a plurality of structures 1s
formed in cell regions, for example, during a photo lithog-
raphy process. The scribe line regions 110 may be partially
or entirely removed during a dicing process.

The scribe line regions 110 may include a first scribe line
region 110A extending 1n a first direction and a second scribe
line region 1108 extending 1n a second direction. The first
direction and the second directions may vertically intersect.
The first scribe line region 110A and the second scribe line
region 1108 may vertically intersect. The die regions 120
may be defined as the first and second scribe line regions
110A and 1108 intersect. The first scribe line region 110A
may include a plurality of first straight-line regions extend-
ing 1n the first direction and be disposed to be spaced apart
from each other at a constant distance (also referred to as a
first 1interval), which may depend on a size of the die region
120. The second scribe line region 1108 may include a
plurality of second straight-line regions extending in the
second direction and be disposed to be spaced apart from
cach other at a constant distance (also referred to as a second
interval), which may depend on the size of the die region
120. The first and second intervals may be the same or
different. A line width and an interval of the scribe line
regions 110 may depend on the size of each of the die
regions 120.

FIGS. 2A to 2F are plane views illustrating examples of
one or more notch patterns according to embodiments of the
present mvention. FIGS. 2A to 2F are enlarged views of a
portion 1ndicated by reference numeral 130 1 FIG. 1, 1.¢.,
the areas near where the first and second scribe line regions
110A and 1108 intersect with each other. The embodiments
described i FIGS. 2A to 2F may be equally applied to all
scribe line regions disposed between die regions illustrated
in FIG. 1.

As shown 1 FIG. 2A, one or more open areas 10 may be
formed in the scribe line regions 110 and may include one
or more notch patterns 10N. The open areas 10 may reduce
an absolute amount of metal materials in the scribe line
regions 110. The notch patterns 10N may perform as a
stress-triggering to improve divisibility of a waler by con-
centrating and transmitting a division stress during a wafer
dicing process.

A material layer formed on a top portion of the scribe line
regions 110 may be locally removed by the open areas 10
and the notch patterns 10N. The material layer may include
a material that may function as an obstacle during a wafer
dicing process. The material layer may include, for example,
a metal material, and 1n particular may include metal mate-
rials constituting a top electrode of a capacitor formed
together during a device process of the die regions 120
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according to an embodiment of the present invention.
Embodiments of the present invention are not limited
thereto. The present invention may be applicable to any
process 1n which a metal matenial 1s covered on scribe line
regions during a device process of the die regions 120.

Both sidewalls of each of the open areas 10 adjacent to the
die regions 120 may be spaced apart from the adjacent die
regions 120 at a constant distance. Each of the notch patterns
10N may be formed at least on one sidewall of each of the
open areas 10 that 1s not adjacent to the die regions 120.
Each of the notch patterns 10N may be formed on both
sidewalls of each of the open areas 10 not adjacent to the die
regions 120. Each of the notch patterns 10N may be formed
to indicate extending directions of the scribe line regions 110
in which each of the open areas 10 1s disposed. For example,
cach of the notch patterns 10 N may be formed to indicate
the first direction when each of the open areas 10 1s disposed
on the first scribe line region 110A (refer to FIG. 1)
extending 1n the first direction. Each of the notch patterns
10N may be formed to indicate the second direction when
the each of open areas 10 1s disposed on the second scribe
line region 110B (refer to FIG. 1) extending in the second
direction. Each of the notch patterns 10N may be formed to
indicate the respective extending directions of scribe line
regions when the each of open areas 10 1s disposed 1n the
respective first and second scribe line regions 110A and
110B which respectively extend i the first and second
directions.

Each of the notch patterns 10N may comprise a length d1
protruding from a sidewall of each of the open areas 10 and
a width d2. In this embodiment of FIG. 2A, the length d1 of
cach of the notch patterns may be equal to or longer than the
width d2 of each of the notch patterns, to maximize stress
triggering. The one or more notch patterns 10N may be
formed on at least one sidewall of each of the open areas 10
which 1s not adjacent to the die regions 120 or on both
opposite sidewalls of each of the open areas 10 which are not
adjacent to the die regions 120. The notch patterns 10N may
be spaced apart from each other. In another embodiment, at
least one or more notch patterns 10N may be formed on a
sidewall of each of the open areas 10, and at least one or
more notch patterns 10N may be continuously arranged
without a gap.

The notch patterns 10N may induce crack stress to be
transmitted 1n directions indicated by the notch patterns 10N
when crack energy generated after stealth dicing and water
expanding cut touches a metal thin film pattern. By inducing
such a transmittal of crack stress to the die regions 120, 1t 1s
possible to improve divisibility of wafer and to prevent an
occurrence of film delamination.

Each of the open areas 10 may be formed together when
a photo key 1s formed. According to other embodiments of
the present invention, each of the open areas 10 may
function as a photo key. According to other embodiments of
the present ivention, each of the open areas 10 may be
formed through a separate mask process before or after a
formation of a photo key. According to other embodiments
of the present invention, each of the open areas 10 may be
formed 1n a region spaced apart from a photo key.

According to an embodiment of the present invention as
shown 1 FIG. 2B, each of the open areas 10 may be
patterned such that one or more overlay key patterns 20 for
confirming an overlay with a lower layer may remain. FIG.
2B shows, as an example, that two overlay key patterns 20
remain in each open area 10, but the present embodiment 1s
not limited thereto. According to an embodiment of the
present mvention as shown in FIG. 2C, each of the open
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arcas 10 may be patterned such that an align key patterns 30
used for confirming alignment between a water and a device
may remain in each of the open areas 10. According to an
embodiment of the present invention as shown in FIG. 2D,
a plurality of open areas 10 may be spaced apart at a constant
distance 1nside of the scribe line regions 110 extending in the
first or second directions 1n the open areas 10. For example,
as shown in FIG. 2D, two or more open arcas 10 may be
tformed spaced apart 1n each of the first and second scribe
line regions 110A and 110B, but the present embodiment 1s
not limited thereto. According to an embodiment of the
present invention as shown 1n FIG. 2E, the open areas 10
may be patterned so that each of the notch patterns 10N
indicates a direction toward the 1nside of the open area 10.
According to an embodiment of the present invention as
shown 1n FIG. 2F, the open areas 10 may be patterned so that
cach of the notch patterns 10N indicates only one direction.
In other words, each of the open areas 10 may include each
of the notch patterns 10N on one sidewall indicating a
direction toward the inside of the open area 10 and each of
the notch patterns 10N on another sidewall which 1s opposite
to the one sidewall may be indicating a direction toward the
outside of the open area 10. The described embodiments of
the present invention 1llustrate various examples of the open
areas 10. However, the present invention 1s not limited to the
embodiments shown. It should be understood, that the
skilled person having ordinary skill in the art of the present
invention having read the described embodiment would
envision other examples wherein a direction of the notch
patterns 10N, a si1ze and a number of the open areas 10 may
be adjusted or disposed albeit differently nevertheless with-
out departing from the scope and objects of the present
invention.

A metal material may be formed on a top portion of the
scribe line regions 110 by the open areas 10. An absolute
amount of the metal materials in the scribe line regions 110
may be reduced, for example, by locally removing a metal
material layer constituting a top electrode of a capacitor.
Therefore, a dicing process may be performed more easily
as a division energy during a wafer dicing propagates 1 a
vertical direction of a waler surface.

In addition, problems resulting from entirely removing a
metal material from the scribe line regions 110 may be
prevented 1n advance by locally removing a portion of a
metal material formed on a top portion of the scribe line
regions 110. In other words, problems such as a “not open”
of a metal line contact plug or a short between a contact plug
and a capacitor caused by residues or particles being con-
centrated on a sidewall of a pattern resulting from entirely
removing a metal material from the scribe line regions 110
may be prevented in advance.

FIGS. 3A and 3B are cross-sectional views illustrating a
semiconductor device according to other embodiments of
the present invention. FIG. 3A 1s a cross-sectional view
taken along line A-A' shown in FIG. 2A. FIG. 3B 1s a
cross-sectional view taken along line B-B' shown in FIG.
2A. FIGS. 3A and 3B may include the same structures
shown 1 FIGS. 2B to 2D. FIGS. 3A and 3B may also
include the same structures shown 1n other cross-sectional
views ol all structures including open arecas and notch
patterns according to the embodiments of the present inven-
tion.

As 1llustrated 1n FIGS. 3A and 3B, the scribe line regions
110 may be disposed between neighboring die regions 120.
A protection structure 210 may be formed 1n each of the die
regions 120 adjacent to the scribe line regions 110. A portion
of the die regions 120 adjacent to the scribe line regions 110
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may be chip guard regions. The protection structure 210 may
serve to protect a semiconductor device formed 1n the cell
region.

A plate structure DC for a photo key may be formed 1n the
scribe line regions 110. A wiring material layer 220 that can
serve as a photo key during a formation of a metal line may
be disposed on an upper portion of the plate structure DC.
An 1sulation layer (not shown i1n drawings) may be dis-
posed between the plate structure DC and the wiring mate-
rial layer 220. Although not shown, a test device having the
same structure of a capacitor 1 the cell region may be
formed 1n the scribe line regions 110 adjacent to the plate
structure DC for a photo key.

The plate structure DC may include a stacked structure of
a metal material layer, an insulation layer, and a metal
matenal layer. A metal material layer on an upper and lower
portion of the mnsulation layer may be applied as a photo key
serving as an overlay key and/or an align key during a
formation of a semiconductor device in the cell region. An
insulation layer may be made of multiple layers, and may
turther 1include a supporter. The supporter may be disposed
between multiple 1nsulation layers and suitable for prevent-
ing a capacitor from collapsing.

A top metal material layer of the plate structure DC and
an upper electrode of a capacitor 1n the cell region may be
formed of the same material and at the same time. The plate
structure DC may hinder a die segmentation process during,
a subsequent wafer dicing process. Therefore, sawing stress
may be concentrated on a direction 1n which the scribe line
regions are extended by forming the open areas 10 which
locally remove a portion of the plate structure DC as
illustrated 1n FIG. 3B, and, in particular, by forming the
notch patterns 10N as illustrated in FIG. 3A.

The above-described invention 1s not limited by the
embodiments described or figures included herein. In view
of the present invention, other additions, subtractions, or
modifications are apparent to a person of ordinary skill in the
art and are itended to fall within the scope of the appended
claims.

What 1s claimed 1s:

1. A semiconductor device, comprising:

die regions spaced apart from each other 1n a water and

where semiconductor devices each icluding a capaci-
tor are formed;

scribe line regions disposed between neighboring ones of

the die regions and covered with a metal material layer
that covers an upper electrode of the capacitor;

one or more open areas where the metal material layer 1s

locally removed from the scribe line regions, each of
the open areas including one or more notch patterns
cach indicating one of directions 1n which the scribe
line regions are extended.

2. The semiconductor device of claim 1,

wherein each of the open areas includes sidewalls adja-

cent to the die regions, and

wherein the sidewalls are spaced apart from the adjacent

die regions at a constant distance.

3. The semiconductor device of claim 1, wherein each of
the notch patterns 1s formed at least on one sidewall of each
of the open areas which 1s not adjacent to the die regions.

4. The semiconductor device of claim 1,

wherein a length of each of the notch patterns 1s equal to

or longer than a width of each of the notch patterns.

5. The semiconductor device of claim 1, wherein the
notch patterns are formed on a sidewall of each of the open
areas and spaced apart from each other.
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6. The semiconductor device of claim 1, wherein the
notch patterns are disposed on a sidewall of each of the open
areas.

7. The semiconductor device of claim 1, wherein each of
the open areas functions as a photo key. 5
8. The semiconductor device of claim 1, wherein an
interior of each of the open areas includes a plurality of

patterns that can function as a photo key.

9. The semiconductor device of claim 1, wherein the open
areas disposed 1n each of the scribe line regions are spaced 10
apart.

10. The semiconductor device of claim 1, wherein the
metal material layer 1s to form a photo key.

11. The semiconductor device of claim 1,

wherein the scribe line regions include a first scribe line 15

region extending in a {irst direction and a second scribe
line region extending in a second direction, and

wherein the first scribe line region and the second scribe

line region intersect at right angles to each other.

12. The semiconductor device of claim 1, wherein each of 20
the notch patterns 1s formed on a sidewall of each of the open
areas and indicates toward outside of each of the open areas.

13. The semiconductor device of claim 1, wherein each of
the notch patterns 1s formed on a sidewall of each of the open
areas and indicates toward 1nside of each of the open areas. 25

14. The semiconductor device of claim 11,

wherein the open areas disposed in the first scribe line

region include the notch patterns indicating the first
direction, and

wherein the open areas disposed 1n the second scribe line 30

region include the notch patterns indicating the second
direction.
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